Appendix C — Standard Formulas used for Pressure / Temperature Calculations

CSFM Standardized formula for performing pressure — temperature calculations to
determine volume change.

Basic Formula: AV /V =KpAP + KIAT

Where:

And:

AP
AT
AV

QoOmE "rog<

Kp=[(D/t)(5/4-p)/E]+ 1/ = (LOD/2Et)+1/p

Liquid Pressure Change

Liquid Temperature Change

Liquid Volume added to that inside the pipe (negative if flows out)
Nominal Pipe Volume = nD?L/4

Inside Pipe Diameter

Pipe Length

Pipe wall thickness

Poisson’s ratio = 0.3

Young’s Modulus = 30 * 10”6 psi

Liquid Bulk Modulus, a function of Pressure and Temperature
Liquid Volumetric expansion coefficient, a function of Pressure and
Temperature

Linear coefficient of Thermal Expansion = 6.5 * 10" -6 1/°F

(3a-9)



Appendix C - Standard Formulas used for Pressure / Temperature Calculations

Name of Range: BULK

Bulk Modulus Values for water  x 10"3
Temperature

Pressure 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67
14700 306.50 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 31520 315.70 316.20 316.90 317.50 318.00
100f 306.97 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 31520 315.70 316.20 316.90 317.50 318.00
200f 307.44 30750 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
3000 30791 30750 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
400, 308.38 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
5000 308.85 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
600f 309.32 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
7000 309.79 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
800 310.26 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
900 310.73 307.50 308.40 309.10 310.00 310.70 311.20 312.00 312.70 313.20 314.00 314.60 315.20 315.70 316.20 316.90 317.50 318.00
1000f 311.20 312.00 312.70 313.60 31450 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
11000 311.20 312.00 312.70 313.60 31450 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
1200, 311.20 312.00 312.70 313.60 31450 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
13000 311.20 312.00 312.70 313.60 31450 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
1400, 311.20 312.00 312.70 313.60 31450 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
1500, 311.20 312.00 312.70 313.60 31450 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
1600] 311.20 312.00 312.70 313.60 31450 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
1700f 311.20 312.00 312.70 313.60 314.50 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
1800 311.20 312.00 312.70 313.60 314.50 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
1900f 311.20 312.00 312.70 313.60 314.50 315.30 316.00 316.60 317.60 318.30 319.20 320.00 320.50 321.00 322.00 32250 323.00 323.50
2000] 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 322.80 32350 32450 32520 326.00 326.50 327.10 328.00 328.50 329.00
2100] 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 322.80 32350 32450 32520 326.00 326.50 327.10 328.00 328.50 329.00
2200] 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 322.80 32350 32450 32520 326.00 326.50 327.10 328.00 328.50 329.00
23000 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 322.80 32350 32450 325.20 326.00 326.50 327.10 328.00 328.50 329.00
2400, 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 322.80 32350 32450 325.20 326.00 326.50 327.10 328.00 328.50 329.00
25000 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 322.80 32350 32450 325.20 326.00 326.50 327.10 328.00 328.50 329.00
2600( 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 32280 323.50 32450 32520 326.00 326.50 327.10 328.00 328.50 329.00
2700( 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 32280 323.50 32450 32520 326.00 326.50 327.10 328.00 328.50 329.00
2800( 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 32280 323.50 32450 32520 326.00 326.50 327.10 328.00 328.50 329.00
2900( 316.00 317.00 317.90 319.00 319.60 320.20 321.00 322.00 32280 323.50 32450 325.20 326.00 326.50 327.10 328.00 328.50 329.00
3000( 320.60 321.80 32250 323.70 32440 325.20 326.10 327.05 32790 32890 329.30 330.30 330.90 331.50 33240 33290 333.70 334.10

Bulk Modulus of Water as a Function of Pressure and Temperature



Appendix C — Standard Formulas used for Pressure / Temperature Calculations

Name of Range: BULK
Bulk Modulus Values for water  x 10"3
Temperature

Pressure 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
14.70) 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 32230 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
1000 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 32230 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
200f 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 32230 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
3000 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 32230 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
400, 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 32230 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
5000 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 32230 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
600f 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 32230 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
7000 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 322.30 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
800 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 322.30 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
900 318.60 319.00 319.50 320.00 320.50 321.00 321.50 321.80 322.30 32250 322.70 323.00 32350 323.90 324.00 32450 324.90 325.00
1000 324.00 32490 32530 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 329.50 329.70 330.00 330.20 330.50 330.80
1100f 324.00 32490 32530 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 329.50 329.70 330.00 330.20 330.50 330.80
1200f 324.00 32490 32530 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 329.50 329.70 330.00 330.20 330.50 330.80
13000 324.00 32490 32530 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 32950 329.70 330.00 330.20 330.50 330.80
14000 324.00 32490 32530 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 32950 329.70 330.00 330.20 330.50 330.80
15000 324.00 32490 32530 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 32950 329.70 330.00 330.20 330.50 330.80
1600, 324.00 32490 325.30 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 329.50 329.70 330.00 330.20 330.50 330.80
1700, 324.00 32490 325.30 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 329.50 329.70 330.00 330.20 330.50 330.80
1800, 324.00 32490 325.30 326.00 326.30 326.80 327.00 32750 327.90 328.20 328.80 329.10 329.50 329.70 330.00 330.20 330.50 330.80
1900] 324.00 32490 325.30 326.00 326.30 326.80 327.00 32750 32790 328.20 328.80 329.10 329.50 329.70 330.00 330.20 330.50 330.80
2000( 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2100f 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2200( 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2300f 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2400( 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2500( 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2600( 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2700( 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2800 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
2900( 329.50 330.00 330.50 331.00 331.80 332.20 332.50 333.00 333.50 334.00 33450 335.00 33540 33590 336.20 336.50 336.90 337.10
3000( 335.10 33580 336.00 337.00 337.50 337.90 338.40 338.95 339.20 339.80 340.30 340.70 340.95 341.20 34190 342.30 34250 342.90

Bulk Modulus of Water as a Function of Pressure and Temperature



Appendix C - Standard Formulas used for Pressure / Temperature Calculations

Name of Range: BULK
Bulk Modulus Values for water  x 10"3
Temperature

Pressure 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100
14.70f 325.30 32550 32570 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80,
100 32530 32550 325.70 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80,
200] 325.30 325,50 325.70 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80
300] 325.30 325,50 32570 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80
400 325.30 325,50 325.70 325.90 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80,
500 325.30 325,50 325.70 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80
600] 325.30 325,50 325.70 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80
700 325.30 325,50 325.70 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80
800] 325.30 325,50 325.70 325.90 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80
900] 325.30 325,50 325.70 32590 326.00 326.20 326.50 326.60 326.70 326.90 327.10 327.30 327.50 327.70 327.80
1000 330.90 331.10 33140 331.80 332.00 332.20 332.50 332,70 332.80 333.00 333.10 333.30 333.50 333.70 333.90
1100 330.90 331.10 33140 331.80 332.00 332.20 332.50 332.70 332.80 333.00 333.10 333.30 333.50 333.70 333.90
1200, 330.90 331.10 33140 331.80 332.00 332.20 332.50 332.70 332.80 333.00 333.10 333.30 333.50 333.70 333.90
1300, 330.90 331.10 33140 331.80 332.00 332.20 332.50 332.70 332.80 333.00 333.10 333.30 333.50 333.70 333.90
1400, 330.90 331.10 33140 331.80 332.00 332.20 332.50 332.70 332.80 333.00 333.10 333.30 333.50 333.70 333.90
1500, 330.90 331.10 33140 331.80 332.00 332.20 332.50 332.70 332.80 333.00 333.10 333.30 333.50 333.70 333.90
1600, 330.90 331.10 33140 331.80 332.00 332.20 332.50 332.70 332.80 333.00 333.10 333.30 333.50 333.70 333.90
17000 330.90 331.10 33140 33180 332.00 33220 332.50 332.70 33280 333.00 333.10 333.30 333.50 333.70 333.90
1800f 330.90 331.10 33140 33180 332.00 332.20 332.50 332.70 33280 333.00 333.10 333.30 333.50 333.70 333.90
1900f 330.90 331.10 33140 33180 332.00 33220 332.50 332.70 33280 333.00 333.10 333.30 333.50 333.70 333.90
2000 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 33950 339.70 339.85 340.00 340.10 340.20 340.30
2100, 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 33950 339.70 339.85 340.00 340.10 340.20 340.30
2200, 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 33950 339.70 339.85 340.00 340.10 340.20 340.30
2300, 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 339.50 339.70 339.85 340.00 340.10 340.20 340.30
24001 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 339.50 339.70 339.85 340.00 340.10 340.20 340.30
25001 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 339.50 339.70 339.85 340.00 340.10 340.20 340.30
2600, 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 339.50 339.70 339.85 340.00 340.10 340.20 340.30
2700, 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 339.50 339.70 339.85 340.00 340.10 340.20 340.30
2800 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 33950 339.70 339.85 340.00 340.10 340.20 340.30
2900, 337.50 337.80 338.00 338.40 338.70 339.00 339.20 339.40 339.50 339.70 339.85 340.00 340.10 340.20 340.30
3000 343.10 343.40 343.80 344.00 34420 344.60 344.90 345.10 345.30 34550 345.70 34590 346.10 346.30 346.50

Bulk Modulus of Water as a Function of Pressure and Temperature



Appendix C - Standard Formulas used for Pressure / Temperature Calculations

350

Bulk Modulus, (3 psi x 103

T T T T
1 1 1 1
1 1 1 1
T 3000 psia
,4-—:
1 -'_ =
‘—:
0
340 i 2000 psia
> =l
‘ e
P & i La™ ] s
,‘"' B - - H
{854 NAARANNRR ARNRARAMAN AAARANNRRRIRAR Lammm=r] 1000 psia
"l T
P PoN e
330 ‘;r‘ ‘:—:’ '_.-"
- - =
x" + ‘r"'
- - 14.696 psia
; 5 + s .
7 g e
!"’ - “ = - 5
& u P s e H
7 Pd [ -
pd " id pr 4 -
P ai P Pran S anin
320 - A et
p p pld P
71 a ."" ‘F"'
B = ; 2a
4 Vv Il
" " ) ]
4" Ar‘"" 2P &
p p 2
/‘ /" .l"' "‘
7z 2 e e
310 ~- see
I’ r l" l‘
/1 A v ”
; 5 »
a :V‘ A"
l' 7
7 ) ‘/
A rd v
Il £z 1
7 7 7
300 dAaEe /
-
5.
7l /
a
/
P
v‘v
290
280

30 40 50 60 70 80 90 100 110 120
Water Temperature, °F
Bulk Modulus of Water as a Function of Pressure and Temperature



Appendix C - Standard Formulas used for Pressure / Temperature Calculations

Name of Range: Expand
Temperature

Pressure 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67
14.70 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
100 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
200 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
300 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
400 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
500 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
600 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
700 455 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
800 4.55 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
900 4.55 5.00 5.50 5.90 6.30 6.50 7.00 7.50 8.00 8.30 8.60 9.00 9.45 9.75 10.00 1050 10.75 11.10
1000 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 9.50 10.00 1040 1065 11.00 1140 11.75
1100 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 9.50 10.00 1040 1065 11.00 1140 11.75
1200 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 9.50 10.00 1040 1065 11.00 1140 11.75
1300 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 9.50 10.00 1040 1065 11.00 1140 11.75
1400 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 950 10.00 1040 10.65 11.00 1140 11.75
1500 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 950 10.00 1040 10.65 11.00 1140 11.75
1600 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 950 10.00 1040 10.65 11.00 1140 11.75
1700 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 950 10.00 1040 10.65 11.00 1140 11.75
1800 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 950 10.00 1040 10.65 11.00 1140 11.75
1900 5.50 6.00 6.40 6.60 7.00 7.45 8.00 8.40 8.65 9.00 9.35 950 10.00 1040 10.65 11.00 1140 11.75
2000 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 955 10.00 1040 1060 11.00 1140 1165 12.00 1235
2100 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 955 10.00 1040 1060 11.00 1140 1165 12.00 1235
2200 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 955 10.00 1040 1060 11.00 1140 1165 12.00 1235
2300 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 955 10.00 1040 1060 11.00 1140 1165 1200 1235
2400 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 955 10.00 1040 1060 11.00 1140 1165 1200 1235
2500 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 955 10.00 1040 1060 11.00 1140 1165 1200 1235
2600 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 9.55 10.00 1040 1060 11.00 1140 1165 1200 1235
2700 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 9.55 10.00 1040 1060 11.00 1140 1165 1200 1235
2800 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 9.55 10.00 1040 1060 11.00 1140 1165 1200 1235
2900 6.40 6.75 7.10 7.50 7.95 8.20 8.55 9.00 9.40 9.55 10.00 1040 1060 11.00 1140 1165 1200 1235
3000 7.45 7.95 8.30 8.60 8.90 9.20 9.50 9.90 1010 1040 1080 1110 1140 11.70 12,00 1235 1250 12.90

Volumetric Expansion Coefficient Table of Water as a Function of Pressure and Temperature



Appendix C - Standard Formulas used for Pressure / Temperature Calculations

Name of Range: Expand
Temperature

Pressure 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85
14700 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
1000 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
2000 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
3000 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
4000 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
5000 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
6000 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
7000 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
800 1145 11.80 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
900 1145 1180 1225 1250 1290 13.00 13.60 1390 1420 1450 1470 1500 1540 1560 1590 16.20 16,55 16.80
10000 12.00 12.30 12.65 13.00 13.40 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 16,50 16.75 17.00
11000 12.00 12.30 12.65 13.00 13.40 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 16,50 16.75 17.00
12000 12.00 12.30 12.65 13.00 13.40 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 16,50 16.75 17.00
13000 12.00 12.30 12.65 13.00 13.40 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 16,50 16.75 17.00
14000 12.00 12.30 1265 13.00 1340 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 1650 16.75 17.00
15000 12.00 12.30 1265 13.00 1340 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 1650 16.75 17.00
16000 12.00 12.30 1265 13.00 1340 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 1650 16.75 17.00
17000 12.00 12.30 1265 13.00 1340 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 1650 16.75  17.00
18000 12.00 12.30 1265 13.00 1340 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 1650 16.75 17.00
19000 12.00 12.30 1265 13.00 1340 13.70 14.00 1430 1460 1480 1500 1540 1560 1590 16.20 1650 16.75 17.00
20000 1250 1290 1330 13.60 13.90 1420 1450 1470 1490 1510 1550 1570 16.00 16.40 16.60 16.80 17.10 17.50
21000 1250 1290 1330 13.60 13.90 1420 1450 1470 1490 1510 1550 1570 16.00 16.40 16.60 16.80 17.10 17.50
22000 1250 1290 1330 13.60 13.90 1420 1450 1470 1490 1510 1550 1570 16.00 16.40 16.60 16.80 17.10 17.50
23000 1250 1290 13.30 1360 1390 1420 14.50 1470 1490 1510 1550 1570 16.00 1640 16.60 16.80 17.10 17.50
24000 1250 1290 13.30 1360 1390 1420 14.50 1470 1490 1510 1550 1570 16.00 1640 16.60 16.80 17.10 17.50
25000 1250 1290 13.30 1360 1390 1420 14.50 1470 1490 1510 1550 1570 16.00 1640 16.60 16.80 17.10 17.50
2600 1250 1290 13.30 1360 1390 1420 14.50 1470 1490 1510 1550 1570 16.00 1640 16.60 16.80 17.10 17.50
27000 1250 1290 13.30 1360 1390 1420 14.50 1470 1490 1510 1550 1570 16.00 1640 16.60 16.80 17.10 17.50
2800 1250 1290 13.30 1360 1390 1420 14.50 1470 1490 1510 1550 1570 16.00 1640 16.60 16.80 17.10 17.50
2900 1250 1290 13.30 1360 1390 1420 14.50 1470 1490 1510 1550 1570 16.00 1640 16.60 16.80 17.10 17.50
30000 13.10 1350 13.80 14.05 1440 1460 14.80 1490 1520 1550 1575 16.00 1640 16.60 16.80 17.00 17.40 17.60
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Appendix C - Standard Formulas used for Pressure / Temperature Calculations

Name of Range: Expand
Temperature

Pressure 86 87 88 89 90 91 92 93 94 95 96 97 98 99 100
14700 1710 1750 17.75 1800 1825 1860 18.80 1920 1940 1960 19.70 20.00 20.30 20.50 20.80
1000 17.10 1750 17.75 18.00 1825 1860 18.80 1920 1940 19.60 19.70 20.00 20.30 20.50 20.80
2000 1710 1750 17,75 18.00 1825 18.60 18.80 1920 1940 1960 19.70 20.00 20.30 20.50 20.80
3000 1710 1750 17,75 18.00 1825 18.60 18.80 1920 1940 1960 19.70 20.00 20.30 20.50  20.80
4000 17.10 1750 17.75 18.00 1825 18.60 18.80 1920 1940 1960 19.70 20.00 20.30 20.50  20.80
5000 17.10 1750 17.75 18.00 1825 18.60 18.80 19.20 1940 1960 19.70 20.00 20.30 20.50  20.80
600l 17.10 1750 17.75 18.00 1825 18.60 18.80 19.20 1940 1960 19.70 20.00 20.30 20.50  20.80
7000 1710 1750 17.75 18.00 1825 18.60  18.80 19.20 1940 1960 19.70 20.00 20.30 20.50  20.80
800 17.10 1750 17.75 18.00 1825 18.60  18.80 19.20 1940 19.60 19.70 20.00 20.30 20.50  20.80
900 1710 1750 17.75 18.00 1825 18.60  18.80 19.20 1940 19.60 19.70 20.00 20.30 20.50  20.80
10000 17.40 1760 1790 1820 1840 18.70 18.90 19.20 1940 19.60 19.80 20.00 20.30 20.50 20.80
11000 17.40 17.60 1790 1820 18.40 18.70 18.90 19.20 1940 19.60 19.80 20.00 20.30 20.50 20.80
12000 17.40 17.60 1790 1820 1840 18.70 18.90 19.20 1940 19.60 19.80 20.00 20.30 20.50 20.80
13000 1740 17.60 1790 1820 1840 18.70 18.90 19.20 1940 19.60 19.80 20.00 20.30 20.50 20.80
14000 17.40 1760 1790 1820 1840 18.70 18.90 19.20 1940 1960 1980 20.00 20.30 20.50 20.80
15000 17.40 1760 1790 1820 1840 18.70 18.90 19.20 1940 1960 1980 20.00 20.30 20.50 20.80
16000 17.40 1760 1790 1820 1840 18.70 18.90 19.20 1940 1960 1980 20.00 20.30 20.50 20.80
17000 1740 1760 1790 1820 1840 18.70 18.90 19.20 1940 1960 1980 20.00 20.30 20.50 20.80
18000 17.40 1760 1790 1820 1840 18.70 18.90 19.20 1940 1960 1980 20.00 20.30 20.50 20.80
19000 17.40 1760 1790 1820 1840 18.70 18.90 19.20 1940 1960 1980 20.00 20.30 20.50 20.80
20000 17.70 17.90 18.10 1840 18.60 18.80 19.00 19.20 1960 19.70 1990 20.10 2040 20.50 20.80
21000 17.70 17.90 18.10 1840 18.60 18.80 19.00 19.20 1960 19.70 1990 20.10 2040 20.50 20.80
22000 17.70 17.90 18.10 1840 18.60 18.80 19.00 19.20 1960 19.70 1990 20.10 2040 20.50 20.80
23000 17.70 1790 18.10 1840 1860 18.80  19.00 1920 19.60 19.70 19.90 20.10 2040 20.50 20.80
24000 17.70 1790 18.10 1840 1860 18.80  19.00 1920 19.60 19.70 19.90 20.10 2040 20.50 20.80
25000 17.70 1790 18.10 1840 1860 18.80  19.00 1920 19.60 19.70 19.90 20.10 2040 20.50 20.80
26000 17.70 1790 18.10 1840 1860 18.80  19.00 1920 19.60 19.70 19.90 20.10 2040 20.50 20.80
27000 17.70 1790 18.10 1840 1860 18.80  19.00 1920 19.60 19.70 19.90 20.10 2040 20.50 20.80
2800 17.70 1790 18.10 1840 1860 18.80  19.00 1920 19.60 19.70 19.90 20.10 2040 20.50 20.80
2900 17.70 1790 18.10 1840 1860 18.80  19.00 1920 19.60 19.70 19.90 20.10 2040 20.50 20.80
30000 1790 18.10 1840 1860 18.80 19.00 19.30 1950 19.75 19.90 20.20 2040 2050 20.75  20.90
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Appendix C - Standard Formulas used for Pressure / Temperature Calculations

20
-
= -
— 15 ////
o ,/Z,/
2 i
8 //// /
s P '/ //
§ 10 /';//
8 //,////
L>IJ< / i
PSS
= y. .84
S //// // @ N
l_GEJ c = /; /; // /7\ 3(:)00:pSIE:i
o Hii AR
5 VT | ] 2000psia
E ///,?/‘R G
) psia
= SRR RL
0 T 14.696 psia
(/o
/
-5
30 40 50 60 70 80 90 100 110 120

Water Temperature, °F
Volumetric Expansion Coefficient Table of Water as a Function of Pressure and Temperature



